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(54) Spread spectrum receiver and transmission power control method 



(57) In a spread spectrum receiver, when a prelimi- 
narily set integration period for integrating a correlated 
power of a received signal is significantly offset with 
respect to a fading period, accurate follow-up of a path 
becomes difficult to lower synchronization acquisition 
ability. To avoid this, in a fading period computing unit, 
an offset of the transmission power is obtained from a 
transmission power control information extracted by a 
decoder, correlated power calculation is performed for 
deriving the fading period on the basis of the result of 
the correlated power calculation. According to this fad- 
ing period, the integrated period is determined to accu- 
rately perform synchronization acquisition by per- 
forming integration of the correlated power depending 
upon the fading period. 
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EP 0 884 861 A2 
Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates generally to a spread spectrum receiver. More specifically, the invention relates to a 
fading period detecting system for a synchronization acquisition and a transmission power control. 

io Description of the Related Art 

In a multiple access system for mutual communication between a plurality of stations utilizing assigned frequency 
band, there has been proposed various communication systems, such as a frequency division multiple access (FDMA) 
system, a time division multiple access (TDMA) system, code division multiple access (CDMA) system and so forth. In 

75 most of these systems, a base station is arranged in each of cells which is established by dividing a service area into 
small areas , and a subscriber terminal communicates with another subscriber terminal via the base station. 

Amongst, the CDMA system which does not require burst synchronization, is suitable for a communication system 
having a large number of subscribers and is strong against interference and jamming. Therefore, the CDMA system has 
been attracting attention. The CDMA system employing a spread spectrum communication system is a multiple access 

20 system assigning mutually distinct spreading code series for respective users and performing spread modulation utiliz- 
ing the same. Accordingly, even in one cell, the same frequency can be used by a plurality of users. 

As is well known, the spread spectrum communication system is premised to use a spreading code synchronized 
with the spreading code used at the transmission side in demodulation by despreading of a reception signal. For exam- 
ple, when the diffusion signal is shifted over one chip due to influence of variation of propagation path delay or so forth 

25 due to multiple path or so forth, it becomes difficult to accurately demodulate data. Therefore, a technology for synchro- 
nization acquisition (initial synchronization) for reducing a phase difference of transmission side and reception side 
spreading code series (normally, less than or equal to half chip) and synchronization tracking (synchronization holding) 
for maintaining a necessary chip accuracy so as not to lose track of the once acquisited synchronization position due 
to influence of noise or demodulation, are indispensable. 

30 Conventionally, this kind of synchronization acquisition circuit is employed for the purpose of acquisition of chip 

phase synchronization of the spreading code in the spread spectrum receiver, as disclosed in Japanese Unexamined 
Patent Publication No. Heisei 7-202843, for example. 

Fig. 1 1 is a block diagram showing one example of the conventional spread spectrum receiver and its synchroniza- 
tion acquisition circuit. As shown in Fig. 1 1 , the conventional spread spectrum receiver has an orthogonal demodulator 

35 1 1 connected to a reception antenna 10, an A/D converter 12 for performing analog-to-digital conversion of an output 
of the orthogonal demodulator 1 1 , a RAKE demodulator 30 connected to an output of the A/D converter 12, a synchro- 
nization acquisition tracking unit 40 similarly connected to the output of the A/D converter 12 and a decoder 14 con- 
nected to the output of the RAKE demodulator 30. 

The RAKE demodulator 30 performs maximum ratio synthesis of upper three outputs in the order of electric power 

40 among correlated demodulation output. Each correlated demodulation output by each of three demodulation circuits 
31-1 to 31 -3 which perform correlated demodulation on the basis of phase information obtained from the synchroniza- 
tion acquisition tracking unit, is output with synthesis by a RAKE synthesizing circuit 32. 

In the synchronization acquisition tracking unit 40, a correlated power is calculated by a correlator 41. The corre- 
lated power is integrated by an integrator 42. An integrated output of the integrator 42 is sequentially switched by a 

45 switch 43 at a period Tr (about Tw/1 00) which is sufficiently shorter than a Rayleigh fading period Tw (about several Hz 
to 100 Hz). The correlated power integrated by each of these periods are integrated by inputting to N in number of inte- 
grators 44-1 to 44-N. Then at a timing where a preliminarily designated fixed integration period is reached, a switch 45 
is switched for outputting phase shifting amounts corresponding to integrators among the integrators 44-1 to 44-N out- 
putting largest three integrated values. In a manner set forth above, synchronization acquisition is performed. 

so A problem encountered in the prior art set forth above is that the predeterminarily designated and fixed integration 

period does not match with an actual fading period. If the set fixed integration period is short, when the fading period is 
long, it is possible to perform integration for a falling down portion of fading. On the other hand, if the set integration 
period is long, when the fading period is short, integration can be performed for unnecessarily long period to slow-down 
follow-up of the path and whereby to cause degradation of synchronization acquisition ability. 

55 The reason is that since the fading frequency is sequentially varied depending upon moving speed of a mobile ter- 

minal, an integration period of an optimal correlated value cannot be obtained. 
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SUMMARY OF THE INVENTION 

An object of the present invention is to provide a spread spectrum receiver which can improve reception character- 
istics by enabling obtaining of an integration period of an optimal correlated value even upon variation of fading period. 
5 According to one aspect of the present invention, a spread spectrum receiver for receiving a spread spectrum sig- 

nal and demodulating the received signal on the basis of a synchronization phase detected by despreading of the 
received signal, comprises: 

correlation computing means lor controlling a phase of a spreading code over a search range and deriving corre- 
10 lation between the received signal and the spreading code; 

integrating means for integrating correlation outputs of the correlation computing means in each phase condition of 
the spreading code over an integration period; 

peak detecting means for deriving a synchronization phase by detecting a peak path from output of the integrating 
means; 

75 demodulation means for demodulating the received signal according to the synchronization phase; 

fading period computing means for deriving a relative transmission power on the basis of a transmission power off- 
set with extracting a transmission power control information of a predetermined period transmitted from a counter- 
part for controlling a transmission power and deriving the integration period depending upon the relative 
transmission power; and 

20 transmission means for deriving the transmission power according to the transmission power information and trans- 
mitting the derived transmission power. 

According to another aspect of the present invention, a transmission power control method in a spread spectrum 
receiver for receiving a spread spectrum signal and demodulating the received signal on the basis of a synchronization 
25 phase detected by despreading of the received signal, comprises: 

correlation computing step of controlling a phase of a spreading code over a search range and deriving correlation 
between the received signal and the spreading code; 

integrating step of integrating correlation outputs of the correlation computing step in each phase condition of the 
30 spreading code over an integration period; 

peak detecting step of deriving a synchronization phase by detecting a peak path from output of the integrating 
step; 

demodulating step of demodulating the received signal according to the synchronization phase; 
fading period computing step of deriving a relative transmission power on the basis of a transmission power offset 
35 with extracting a transmission power control information of a predetermined period transmitted from a counterpart 
for controlling a transmission power and deriving the integration period depending upon the relative transmission 
power; and 

transmitting step of deriving the transmission power according to the transmission power information and transmit- 
ting the derived transmission power. 

40 

The present invention constructed as set forth above improves peak detecting characteristics in consideration of 
influence of fading by deriving relative transmission power from the transmission power offset contained in the trans- 
mission power control information and by integrating the profile of the correlation level of the search range over the inte- 
gration period corresponding to the fading period. When the transmission power control cannot follow-up the fading 
45 period, updating of the instantaneous transmission power is disabled to moderately update the transmission power to 
avoid degradation of transmission power control characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS 

so The present invention will be understood more fully from the detailed description given herebelow and from the 

accompanying drawings of the preferred embodiment of the present invention, which, however, should not be taken to 
be limitative to the invention, but are for explanation and understanding only. 
In the drawings: 

55 Fig. 1 is a block diagram of the preferred embodiment of a spread spectrum receiver according to the present inven- 
tion; 

Fig. 2 is a flowchart showing an operation of the blocks in Fig. 1 ; 

Fig. 3 is a timing chart showing an example of operation of the preferred embodiment of the spread spectrum 
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receiver according to the present invention; 

Fig. 4 is a timing chart showing an example of operation of the preferred embodiment of the spread spectrum 
receiver according to the present invention; 

Fig. 5 is a timing chart showing an example of operation of the preferred embodiment of the spread spectrum 
5 receiver according to the present invention; 

Fig. 6 is an illustration showing a fading of a propagation path in a case of a short fading period which a transmis- 
sion power control cannot follow-up; 

Fig. 7 is an illustration showing an operation of another embodiment of the spread spectrum receiver according to 
the present invention; 

w Fig. 8 is a block diagram showing a further embodiment of the spread spectrum receiver according to the present 
invention; 

Fig. 9 is an illustration showing an operation of the case where blocks in Fig. 8 are employed; 
Fig. 1 0 is an illustration showing an operation of a still lurther embodiment of the spread spectrum receiver accord- 
ing to the present invention; and 
is Fig. 1 1 is a block diagram showing an example of the conventional spread spectrum receiver. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention will be discussed hereinafter in detail in terms of the preferred embodiment of the present 
20 invention with reference to the accompanying drawings. In the following description, numerous specific details are set 
forth in order to provide a thorough understanding of the present invention. It will be obvious, however, to those skilled 
in the art that the present invention may be practiced without these specific details. In other instance, well-known struc- 
tures are not shown in detail in order to avoid unnecessarily obscure the present invention. 

Fig. 1 is a block diagram of the preferred embodiment of a spread spectrum receiver according to the present inven- 
ts tion. In the following disclosure, like units to those in Fig. 1 1 will be represented by like reference numerals. Referring 
to Fig. 1 , the preferred embodiment of the spread spectrum receiver according to the present invention includes the 
orthogonal demodulator 1 1 connected to the antenna 10, the A/D converter 12 performing A/D conversion of the output 
of the orthogonal demodulator 1 1 , the RAKE demodulator 30 obtaining a synchronization phase from a peak detector 
18, performing despreading, detecting and RAKE synthesis for outputting a demodulated data, a delay profile comput- 
30 ing unit 16 connected to an output of the A/D converter and computing a correlation level of a search area, and the 
decoder 14 connected to the RAKE demodulator 30, generating a decoding data by decoding a demodulated data and 
extracting a transmission power control information contained in the decoded data. 

Also, the shown embodiment of the spread spectrum receiver according to the invention includes a fading period 
computing unit 15 connected to an output of the decoder 14 and deriving a fading period and effective or not effective 
35 of updating of an instantaneous transmission power on the basis of a transmission power control information, an inte- 
gration delay profile computing unit 17 connected to an output of the delay profile computing unit 16 and deriving an 
integration delay profile by integrating the delay profile over an integration period, and a peak detector 18 connected to 
an output of the integration delay profile computing unit 17 and detecting a peak to be taken as a synchronization phase 
of despreading of the RAKE demodulator 30 using the integration delay profile. 
40 Furthermore, the shown embodiment of the spread spectrum receiver according to the invention includes an 

encoder 1 9 for encoding a transmission information data, a transmission power computing unit 20 connected to an out- 
put of the encoder 19 and deriving a transmission power on the basis of the transmission power control information and 
information concerning effective or not effective of updating of the instantaneous transmission power, a digital-to-analog 
(D/A) converter 21 connected to an output of the transmission power computing unit 20 and covering a digital signal 
45 output from the output of the transmission power computing unit 20 into an analog signal, a modulator 22 connected to 
an output of the D/A converter 21 and modulating the analog signal into a transmission frequency and a transmission 
antenna 23 for transmitting an output signal of the modulator 22. 

The delay profile computing unit 1 6 is constructed with a phase shifter 49 for a delay profile, a spreading code gen- 
erator 47, a correlator 41 , an integrator 42, a switch 43 and a memory 48. 
so In the delay profile computing unit 16. a spreading code shifted a phase corresponding to a phase shifting amount, 

is generated by a spreading code generator 47. Then, a correlated power is calculated by the correlator 41. Then, the 
correlated power is integrated by the integrator 42. Thus, the phase shifting amount is periodically updated by the phase 
shifter 49. Then, the connection between the integrator 42 and the memory 48 is switched by the switch 43 according 
to the phase shifting amount, and the delay profile data is periodically stored in the memory. 
55 The integrated delay profile computing unit 17 is constructed with a plurality of memories with integrating function. 

The delay profile computing unit 17 integrates an output value from the memory 48 storing the delay profile data and a 
value of the memory of the integrated delay profile computing unit 17 over a period noticed by the fading period com- 
puting unit to store the result of integration in a memory. 
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The peak detector 18 is connected to each memory of the integrated delay profile computing unit 17, detects larg- 
est M in number of integrated delay profiles and outputs the detected M in number of integrated delay profiles to the 
RAKE demodulator 30. The peak detector 18 derives the phase shifting amounts of the largest M in number of inte- 
grated delay profiles among the integrated delay profile integrated over the integration for notifying these phase shifting 

5 amount of largest M in number of integrated values to the RAKE demodulator 30 as synchronization phase. 

The RAKE demodulator 30 has the same construction as the prior art shown in Fig. 1 1 . In the shown embodiment, 
M in number of demodulation circuit (31-1 to 31-M) are provided. The RAKE demodulator 30 performs maximum ratio 
synthesis of the upper M in number of correlated demodulation power in the order of electric power. Each correlated 
demodulation output by each of the M in number of correlated demodulation circuits 31-1 to 31-M which perform corre- 
ct? lated demodulation on the basis of the synchronization phase obtained from the peak detector 18, is synthesized and 
output. Here, number M may be sufficient at about eight. 

Fig. 2 is a flowchart showing an operation of the preferred embodiment of the spread spectrum receiver according 
to the present invention. The operation of the shown embodiment of the spread spectrum receiver of Fig. 1 will be dis- 
cussed with reference to Fig. 2. 

is The decoder 1 4 codes the transmission control information transmitted from the call counterpart. The fading period 
computing unit 1 5 derives a transmission power offset of the transmission power control information (step A1), derives 
a relative transmission power on the basis of the transmission power offset (step A2), and derives an average value of 
the transmission power at a period corresponding to a sufficiently long fading period (step A3). Also, the sign (positive 
or negative) of the relative transmission power relative to the average value of the relative transmission power (step A4), 

20 periods, in which positive signs are continued and negative signs are continued or in which negative signs are contin- 
ued and positive signs are continued, is derived (step A5), for deriving the average value of each period. 

Also, the average value is taken as the fading period (step A6). When the fading period is short and close to a trans- 
mission power control period (step A7), judgment is made that the transmission power control cannot foiiow-up to make 
instantaneous updating of the transmission power null (step A8) and then, the integration period is made shorter (step 

25 A9). For example, the integration period set at a period corresponding to a period (0.625 ms) of about one slot. If the 
answer at step A7 is negative (NO), a spread of the relative transmission power is derived (step A10). 

If spread of the relative transmission power is close to the spread value in the steady state (step A1 1), judgment is 
made that fading is not caused to set the integration period at a period sufficiently longer than the transmission power 
control period (step A1 2). If the fading period is sufficiently longer the transmission power control period (step A7), when 

30 the spread of the relative transmission power is greater than the spread value of the case where no fading is caused 
(step A1 1), the fading period is set as the integration period (step A13). 

The integrated delay profile computing unit 17 integrates the delay profile over an integration period obtained from 
the fading period computing unit 1 5 (step A1 4). The peak detector 1 8 derives a plurality of synchronization phases cor- 
responding to detection of a plurality of peak paths from the integrated delay profile (step A15). 

35 In the RAKE demodulator 30, reception signals of a plurality of paths are demodulated on the basis of synchroni- 

zation phases of a plurality of peak paths derived by the peak detector 1 8. The transmission power computing unit 20 
controls the transmission power for making updating of the transmission power moderate when the instantaneous 
updating of the transmission power is null (step A8). 

Referring to Figs. 3 and 4, operation where no fading is caused will be discussed. Fig. 3 shows one example of the 

40 transmission power control. In the shown example, the slot, in which the transmission power control information is 
reflected is the slot of two slots later. 

The mobile terminal transmits a pilot portion at a (N)th slot (T1 of Fig. 3). The base station receives the pilot portion 
at the (N)th slot, similarly (T2 of Fig. 3). After reception, the transmission power control information is calculated on the 
basis of the pilot reception level and a target reception level. For example, when the pilot reception level is smaller than 

45 the target reception level, the transmission power is elevated for 1 dB, and when the pilot reception level is greater than 
the target reception level, the transmission power is lowered for 1 dB (T3 of Fig. 3). 

The base station transmits the transmission power control information with (N+1)th slot (T4 of Fig. 3). The mobile 
terminal receives the transmission power control information portion at the (N+1)th slot (T5 of Fig. 3). After reception, 
the transmission power control information is decoded (T6 of Fig. 3). After decoding, the transmission power is calcu- 

so lated. If the content of the transmission power control information is to rise 1 dB, the transmission power is set at a value 
1 dB risen from the transmission power of the preceding slot. On the other hand, if the content of the transmission 
power control information is to lower 1 dB, the transmission power is set at a value derived by subtracting 1 dB from the 
transmission power of the preceding slot (T7 of Fig. 3). The mobile terminal transmits the transmission power reflecting 
the transmission power control information at (N+2)th slot (T8 of Fig. 3). 

55 Referring to Fig. 4, there is illustrated one example of the relative transmission power level on the basis of the 

reception power level, the transmission power level and the transmission power control information in the case where 
no fading is caused. 

The reception level repeats rising and lowering in stepwise fashion at six slots period as centered at the target value 
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of the reception level as shown. This is because that the transmission power control information is reflected at two slot 
later. For example, by transmitting the transmission power control information rising the transmission power for 1 dB, 
the reception level is risen for 1 dB after two slots, at S1 . At S2, since the reception level is greater than the target recep- 
tion level, the transmission power control information for lowering the transmission power for 1 dB is transmitted, for 

5 example, to lower the reception level for 1 dB at two slots later. S3 becomes similar to S2. 

The transmission power level and the relative transmission power level based on the transmission power control 
information also repeats rising and lowering in the stepwise fashion at six slots period, similar to the reception level. Due 
to the property set forth above, when a method for deriving the fading period according to the present invention is 
employed, judgement can be made that fading is caused in the six slots period (step A6). 

w However, when the spread of the relative transmission power is derived on the basis of the transmission power con- 
trol information, the spread becomes small value in the extent of about t dB. In the shown example in Fig. 4, the spread 
is about 0.94 dB. When the fading is caused, the spread of the relative transmission power depending upon the trans- 
mission power control information becomes a large value, the spread value is the spread value in the case where the 
fading is not caused, e.g. about 1 dB, judgment is made that fading is not caused. The no fading is caused means that 

75 no relative variation of the positional relationship between the transmission and reception sides. The integration period 
is set to be a period sufficiently long in the extent that the accuracy of the integration profile becomes sufficiently good, 
(steps A11, A12). 

Referring to Fig. 5, operation in the case where the fading period is sufficiently long where the transmission power 
control can substantially follow-up the fading. 
20 As shown in Fig. 5, since the target reception level becomes a certain particular value Bl of long period, when fad- 
ing is caused as illustrated by B2, the relative transmission power based on the transmission power control information 
becomes as shown by B3. For example, an average value of the relative transmission power based on the transmission 
power control information by a sample of the period shown in Fig. 5 is calculated (step A3). In this case, the average 
value becomes about 9.5. 

25 Next, a sign of the relative transmission power based on the transmission power control information in reference to 

the average value is detected (step A4). Continuing number of positive sign and continuing number of negative sign or 
continuing number of negative sign and continuing number of positive sign are derived. Since the leading end portion 
and the trailing end portion of the continuing signs are in transition portions, the signs next to the transition portions are 
taken as effective signs. In this case, seven positive signs are continued and twelve negative signs are continued, and 
30 then seven positive signs are continued. 

In this example, effective sample of the continuing of the positive sign and continuing of the negative sign is one, 
an average of the period of the continuing positive and negative signs becomes (7 + 12)/1 = 19. In this example, since 
1 slot is t ms, the fading period is derived as 19 ms. By converting the fading period into fading frequency, the fading 
frequency becomes about 52.6 Hz (step A6). 
35 In actual case, the period for deriving the fading frequency is set to be about double of the fading period so that the 

fading frequency can be satisfactorily derived even at low frequency. For example, when fading frequency is derived 
down to 10 Hz, the fading period becomes about 200 ms. 

In case of the long fading period where the transmission power control can substantially follow-up to the fading, the 
spread of the relative transmission power based on the transmission power control information becomes about 82.94 
40 dB to be greater than the case where no fading is caused (steps A10 and A11). In this case, as the fading period has 
been measured, the fading period is taken as the integration period for deriving the integration delay profile (step A1 3). 

Referring to Fig. 6. the operation in the case of a short fading, in which the transmission power control cannot fol- 
low-up the fading, will be discussed. 

When the fading period is shorter than the period controllable by the transmission power control, the fading period 
45 to be derived becomes substantially equal to the transmission power control period. Therefore, judgement is made that 
control per transmission power control period is not effective to perform updating of the transmission power moderately 
so that the average reception level becomes close to the target value of the reception level (step A8). On the other hand, 
since the fading period is too short to follow-up by the transmission power control, the integration period for deriving the 
integrated delay profile is set at short period (step A9). 
so In the foregoing embodiment, the transmission power computing unit 20 controls the transmission power to mod- 

erately update the transmission power when updating of the instantaneous transmission power is not effective (step A8 
of Fig. 2), it is possible to take a method not to perform transmission power control or a method to, thin the control slots. 

On the other hand, as another method, as shown in Fig. 7, a method to periodically input the transmission power 
control information at a period (for M slots) sufficiently longer than the transmission power control period, to update the 
55 transmission power, can be employed. 

As a further method, by calculating the transmission power control information over the past period with weighting 
to update the transmission power. In this case, greater weight is given for the current transmission power control infor- 
mation. 
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With reference to Figs. 8 and 9, this method will be discussed particularly. In this case, a circuit as illustrated in the 
block diagram in Fig. 8 is employed. In Fig. 8, "a" denotes a weighting coefficient in a range of 0 s a s 1 , "D" denotes a 
delay for one slot. When process is performed by the circuit shown in Fig. 8, a relationship between the transmission 
power control information and the weighted transmission power control information is expressed by: 

5 

Pout[N] = (1 - a) x Pout[N-1] + a x Pin[N] 

wherein Pin[N] is the transmission power control information in the slot #N and Pout[N] is the weighted transmis- 
sion power control information in the slot #N. 
10 For example, in case of weighting coefficient a = 0.1. the transmission power control information component of 
each slots are 



influence of #N slot 


10.0% 


influence of #N-1 slot 


9.0% 


influence of #N-2 slot 


8.1% 


influence of #N-3 slot 


7.3% 


influence of #N-4 slot 


6.6% 


influence of #N-5 slot 


6.0% 



25 As can be seen from the above, influence of the immediately preceding slot is greater and influence of past slots 
become smaller in exponential fashion. Degree of influence is reflected by periodically taking the transmission power 
control information weighted by the weighting coefficient "a" at a period of M slots sufficiently longer than the transmis- 
sion power control period, rounding the weighted transmission power control information, for example, and updating the 
transmission power using the rounded value at the period of M slots. 

30 On the other hand, as still further method, as shown in Fig. 10, the transmission power control information is aver- 

aged in a period (for M slots) sufficiently longer than the transmission power control period to control the transmission 
power by the average value of the transmission power control information derived in the period sufficiently longer than 
the transmission power control period. 

In this case, the degree of influence of each slots becomes the same with each other. For example, in case of the 

35 transmission power updating period M, 



influence 


of 


#N 


slot 


1/M 


X 


100% 


influence 


of 


#N- 


■1 slot 


1/M 


X 


100% 


influence 


of 


#N- 


2 slot 


1/M 


X 


100% 


influence 


of 


#N- 


■ 3 slot 


1/M 


X 


100% 


influence 


of 


#N- 


■4 slot 


1/M 


X 


100% 



50 



55 



influence of #N-M+1 slot 1/M x 100% 



With the present invention as set forth above, by adjusting the integration period of the delay profile of the reception 
level in the search range on the basis of the fading period, erroneous detection of path due to fading upon synchroni- 
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zation acquisition can be restricted to improve path detection characteristics and whereby to improve reception charac- 
teristics. 

The reason is that by integrating the delay profile of the reception level over the fading period, dropping of the 
reception level due to fading is prevented. Also, when moving speed of the mobile terminal is high, since detection 
period of the path can be set to short for short fading period to improve follow-up ability for path variation. On the other 
hand, when the moving speed is low, the accuracy of path detection can be improved by setting the detection period of 
the path for long fading period. 

Secondly, by the present invention, when the instantaneous transmission power control cannot follow-up fading, 
updating of the instantaneous transmission power is not effective to moderately control the transmission power to make 
it possible to improve transmission power control characteristics. 

The reason is that when the fading period is short to be close to the transmission power control period, judgment 
is made that the transmission power control cannot follow-up the fading to avoid degradation of the transmission power 
control characteristics by the instantaneous transmission power control. 

Although the present invention has been illustrated and described with respect to exemplary embodiment thereof, 
it should be understood by those skilled in the art that the foregoing and various other changes, omissions and additions 
may be made therein and thereto, without departing from the spirit and scope of the present invention. 

Claims 

1. A spread spectrum receiver for receiving a spread spectrum signal and demodulating the received signal on the 
basis of a synchronization phase detected by despreading of the received signal, comprising: 

correlation computing means for controlling a phase of a spreading code over a search range and deriving cor- 
relation between said received signal and said spreading code; 

integrating means for integrating correlation outputs of said correlation computing means in each phase con- 
dition of said spreading code over an integration period; 

peak detecting means for deriving a synchronization phase by detecting a peak path from output of said inte- 
grating means; 

demodulation means for demodulating said received signal according to said synchronization phase; 
fading period computing means for deriving a relative transmission power on the basis of a transmission power 
offset with extracting a transmission power control information of a predetermined period transmitted from a 
counterpart for controlling a transmission power and deriving said integration period depending upon the rela- 
tive transmission power; and 

transmission means for deriving the transmission power according to said transmission power information and 
transmitting the derived transmission power. 

2. A spread spectrum receiver as set forth in claim 1 , wherein said fading period computing means derives an average 
value of said relative transmission power over a period corresponding to the fading period sufficiently longer than 
a transmission power control period for controlling said transmission power and derives said integration period on 
the basis of said average value. 

3. A spread spectrum receiver as set forth in claim 2. wherein said fading period computing means derives positive or 
negative of said relative transmission power in reference to said average value, derives periods, in respective of 
which positive sign is continued and negative sign is continued, or negative sign is continued and positive sign is 
continued, derives an average value of said periods to take as the fading period, and derives said integration period 
on the basis of said fading period. 

4. A spread spectrum receiver as set forth in claim 3, wherein said fading period computing means calculates a 
spread value of said relative transmission power and sets said integration period to be longer when said spread 
value is about a value in the case where fading is not caused. 

5. A spread spectrum receiver as set forth. in claim 3, wherein said fading period computing means sets said integra- 
tion period shorter when said fading period is short to be close to said transmission power control period. 

6. A spread spectrum receiver as set forth in claim 3, wherein said fading period computing means sets said fading 
period as said integration period when said fading period is sufficiently longer than said transmission power control 
period and a spread value of said relative transmission power is greater than a spread value when fading is not 
caused. 
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7. A spread spectrum receiver as set forth in claim 3, wherein said fading period computing means makes updating 
of instantaneous transmission power not effective when said fading period is close to said transmission power con- 
trol period. 

s 8. A spread spectrum receiver as set forth in claim 7. wherein said transmission means does not perform transmission 
power control when updating of the instantaneous transmission power is not effective. 

9. A spread spectrum receiver as set forth in claim 7, wherein said transmission means periodically take said trans- 
mission power control information at a period sufficiently longer than said transmission power control period and 

io updates transmission power in a period sufficiently longer than said transmission power control period when updat- 
ing of said instantaneous transmission power is not effective. 

10. A spread spectrum receiver as set forth in claim 7, wherein said transmission means updates said transmission 
power by calculating past transmission power control information with weighting when updating of said instantane- 

is ous transmission power is not effective. 

11. A spread spectrum receiver as set forth in claim 7, wherein said transmission means derives an average of said 
transmission control information in a period sufficiently longer than said transmission power control period and 
updates said transmission power by the averaged value of said transmission power control information when updat- 
ed ing of said instantaneous transmission power is not effective. 

12. A transmission power control method in a spread spectrum receiver for receiving a spread spectrum signal and 
demodulating the received signal on the basis of a synchronization phase detected by despreading of the received 
signal, comprising: 

25 

correlation computing step of controlling a phase of a spreading code over a search range and deriving corre- 
lation between said received signal and said spreading code; 

integrating step of integrating correlation outputs of said correlation computing step in each phase condition of 
said spreading code over an integration period; 
30 peak detecting step of deriving a synchronization phase by detecting a peak path from output of said integrat- 

ing step; 

demodulating step of demodulating said received signal according to said synchronization phase; 
fading period computing step of deriving a relative transmission power on the basis of a transmission power 
offset with extracting a transmission power control information of a predetermined period transmitted from a 
35 counterpart for controlling a transmission power and deriving said integration period depending upon the rela- 

tive transmission power; and 

transmitting step of deriving the transmission power according to said transmission power information and 
transmitting the derived transmission power. 

40 1 3. A transmission power control method as set forth in claim 1 , wherein said fading period computing step is executed 
by deriving an average value of said relative transmission power over a period corresponding to the fading period 
sufficiently longer than a transmission power control period for controlling said transmission power and deriving 
said integration period on the basis of said average value. 

45 14. A transmission power control method as set forth in claim 13, wherein said fading period computing step is exe- 
cuted by deriving positive or negative of said relative transmission power in reference to said average value, deriv- 
ing periods, in respective of which positive sign is continued and negative sign is continued, or negative sign is 
continued and positive sign is continued, deriving an average value of said periods to take as the fading period, and 
deriving said integration period on the basis of said fading period. 

so 

15. A transmission power control method as set forth in claim 14, wherein said fading period computing step is exe- 
cuted by calculating a spread value of said relative transmission power and sets said integration period to be longer 
when said spread value is about a value in the case where fading is not caused. 

55 16. A transmission power control method as set forth in claim 14, wherein said fading period computing step is exe- 
cuted by setting said integration period shorter when said fading period is short to be close to said transmission 
power control period. 
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17. A transmission power control method as set forth in claim 14, wherein said fading period computing step is exe- 
cuted by setting said fading period as said integration period when said fading period is sufficiently longer than said 
transmission power control period and a spread value of said relative transmission power is greater than a spread 
value when fading is not caused. 

5 

18. A transmission power control method as set forth in claim 14, wherein said fading period computing step is exe- 
cuted by making updating of instantaneous transmission power not effective when said fading period is close to 
said transmission power control period. 

w 19. A transmission power control method as set forth in claim 18, wherein said transmission step does not perform 
transmission power control when updating of the instantaneous transmission power is not effective. 

20. A transmission power control method as set forth in claim 18, wherein said transmission step periodically take said 
transmission power control information at a period sufficiently longer than said transmission power control period 

75 and updates transmission power in a period sufficiently longer than said transmission power control period when 
updating of said instantaneous transmission power is not effective. 

21. A transmission power control method as set forth in claim 18, wherein said transmission step updates said trans- 
mission power by calculating past transmission power control information with weighting when updating of said 

20 instantaneous transmission power is not effective. 

22. A transmission power control method as set forth in claim 18, wherein said transmission step derives an average 
of said transmission control information in a period sufficiently longer than said transmission power control period 
and updates said transmission power by the averaged value of said transmission power control information when 

25 updating of said instantaneous transmission power is not effective. 



30 



35 



40 



45 



55 



10 



EP 0 884 861 A2 



FIG.1 



23 



22 



DEMODULATOR 



21 



20 



D/A 

CONVERTER 



TRANSMISSION 
POWER 
COMPUTING 
UNIT 



ORTHOGONAL 
DEMODULATOR 



19 

( 



ENCODER 



TRANSMISSION 

INFORMATION 

DATA 



EFFECTIVE AND NOT EFFECTIVE 
INFORMATION OF INSTANTANEOUS 
TRANSMISSION POWER UPDATING 



A/D 

CONVERTER 




11 



EP 0 884 861 A2 



FIG. 2 



DISABLE UPDATING 
OF INSTANTANEOUS 
TRANSMISSION 
POWER AND 
MODERATELY UPDATE 
TRANSMISSION 
POWER 



c 



START 



I 



J 



OBTAIN TRANSMISSION POWER OFFSET 
FROM TRANSMISSION POWER CONTROL 
INFORMATION 



V 



A1 



X 



CALCULATE RELATIVE TRANSMISSION POWER 



V 



A2 



CALCULATE AVERAGE VALUE OF RELATIVE 
TRANSMISSION POWER 



V 



OBTAIN POSITIVE OR NEGATIVE OF 
TRANSMISSION POWER VARIATION VALUE 
WITH RESPECT TO AVERAGE VA LUE 



V 



A3 



A A 



CALCULATE PERIODS iN WHICH POSITIVE 
SIGN CONTINUES AND NEGATIVE SIGN 
CONTINUES OR NEGATIVE SIGN CONTINUES 
ANO POSITIVE SIGN CONTINUES 



V 



T 



A5 



CALCULATE AVERAGE PERIOD OF EACH 
CONTINUOUS PERIOD TO BE SET AS FADING 
PERIOD 

~Jl~ 



/ 



A6 



FADING PERIOD = TRANSMISSION 
POWER CONTROL PERIOD 




Tnq 



CALCULATE SPREAD OF TRANSMISSION 
POWER VARIATION VALUE 



V 



A10 



A11 



SPREAD OF RELATIVE TRANSMISSION 
POWER=SPREAO WITH NO FADING? 



Yes 



-A 8 
A9 



SET INTEGRATION 
PERIOD AT SHORT 
PERIOD 



No 



A13 

1 



SET INTEGRATION PERIOD 
AT FADING PERIOD 





A12 

f 


SET INTEGRATION 


PERIOD AT 


LONG 


PERIOD 





INTEGRATE DELAY PROFILE 
OVER INTEGRATION PERIOD 



X 



•A14 



DETECT PEAK PATH FROM AVERAGE 
DELAY PROFILE AND OBTAIN 
SYNCHRONIZATION PHASE 



A15 



c 



END 



12 



EP 0 884 861 A2 



s 

to 

X 



§5. 

X 



CO 

o 

Li. 



3 

tO 
X 



k£Q 

m 





2 




O 


2 


h- 


o 


CL 




UJ 


to 




to 


a 




QC 


tO 


»— 




3 


< 




cc 


CL 


I— 






2 


»— 

3 


o 






a 










LU 


< 






< 




CO 


QC 




LU 




»— 




LU 
_J 




CD 




O 









0. 



to 
m 



m2 

20 

§1 

it 

<-! 

LoO 
cc 

LU I— 
t02 

< o 

CD O 



8 



o 
a 

22 

m < 

.. GC 

11 

ac 

LU 

tO 2 
< O 
CO o 



cc 

UJ 

o 

a 

gi 

— i— 
to a. 

tO UJ 

2 u 

tO CC 

Is 



2 O 

*2 

Ui 



85 

2 o 



3: 
o 

CL 

2 
O 

to 



p 

Is 
-I 

2 Li- 
CC 2 
UJ — 

_J 

LU Q 

|§ 
2 o 



cc 

LU 

o 
a. 



to 



to 

2 
< 

ac 



IcS 

o < 
2 o 



CO 

in 
m 

2 
< 

ac 



o 
a. 



2 

ac 

LU 

»— 

LU 
—J 

CO 

o 
2 



u 

LU 
_l 
Li, 
LU 

ac 

o 
o 

ac 

LU 

a_ 
lu 

x t— 
I- o 

—J 
LU tO 

in 

< O 
<-> £ 

LU 

X tO 



Lc 2 
O O 

I* 

2 

IS 
-I 

U_ CL 
O 

tu | 

Q- to 
2 m 

5 I 

LU tO 
2 
LU < 

2 ac 
o »- 



13 



EP 0 884 861 A2 



FIG. A 



RECEPTION POWER LEVEL VARIATION UNDER NO FADING 



TARGET VALUE OF 
RECEPTION LEVEL OF 
TRANSMISSION POWER 
CONTROL 



ONE SLOT 



i 

I U' 

S1 



I 

I 

I I 



I I 

S2 i 



IdB 



n. 



I 



I 



! 

S3 



TRANSMISSION POWER LEVEL VARIATION UNDER 
NO FADING 



I ONE SLOT 



1dB 



RELATIVE TRANSMISSION LEVEL VARIATION 

BY TRANSMISSION POWER CONTROL INFORMATION 

UNDER NO FADING . . 



ONE SLOT 



JldB 



14 



EP 0 884 861 A2 



FIG. 5 



WHEN LONG FADING PERIOD PERMITTING 
TRANSMISSION POWER CONTROL TO FOLLOW-UP 



TARGET 

RECEPTION LEVEL 

FADING OF 
PROPAGATION PATH 



RELATIVE TRANSMISSION POWER 
LEVEL BY TRANSMISSION POWER 
CONTROL INFORMATION 



ONE SLOT (TRANSMISSION 
POWER CONTROL PERIOD) 



TRANSMISSION POWER BY j j 




TRANSMISSION POWER o 1 3 4 an ( 23 \ 26 (n \ s 3 1 o |-t \ 1 3 5 a A 15 i 3, oV S A 9 6 * 2 
CONTROL INFORMATION 15 30 15 8 -1 0 11 23 25 11 ^ 



CdB] 



AVERAGE VALUE OF RELATIVE 

TRANSMISSION POWER 333/35= 9 51-- 

SIGN OF RELATIVE 
TRANSMISSION POWER 
RELATIVE TO AVERAGE 
VALUE 



- [dB] 



SIGN OF LEVEL VARIATION 
VALUE 



+ SIGN CONTINUING 
NUMBER: 7 



+ + + + 



-h SIGN CONTINUING 
NUMBER: 7 



-SIGN CONTINUING 
NUMBER: 12 



15 



EP 0 884 861 A2 



FIG. 6 



ONE SLOT (TRANSMISSION POWER CONTROL PERIOD) 




FADING OF PROPAGATION PATH IN THE CASE OF TOO FADING 
PERIOD TO PERMIT FOLLOWING-UP TRANSMISSION POWER CONTROL 



16 



EP 0 884 861 A2 



2 cn 




O 
Li. 



2 



9| 

UJ 

o 



2 



2 




CD 
X) 



CD 

CM 




CD 




CD 





cc 


CC 


cc 




UJ 


UJ 






UMB 


O - 
^2 


PO 


2 


SSION 
AMOU 


2 


SLOT 


SSIO 


— — i 
2 o 






to ac 


01 




2 h- 


2 




< 2 


< 




£T O 


cr 









17 



EP 0 884 861 A2 



CO 
O 




vll 

o 

VII 
o 



UJ 

u 

U- 
U. 
Ui 

o 
o 



o 

—I 

CO 
UJ 

o 



X 

o 

UJ 



UJ 

o 



O Q 



J75 2 

il 

<£ 

DC "7 



18 



EP 0 884 861 A2 



CD 
O 



Oi 

—J I 

CO 
LU 
2 

o 











i 




+ 2 
2 f^> 




CD 
+ 




o 
+ 




apo+ 






i 
i 





i 

r 






I 
I 




CD 

+ 




O 
1 








CD 

+ 




GO 

6 
1 




+ 2 
2 csj 
It 




CD 
"O 
CM 
1 




CD 

d 
i 




CD 

TD 

1 







I 
1 
1 





i 






i 
1 




CD 

o 
+ 




CM 
+ 








CD 

TJ 

1 




+ 




-h 
2 




CD 
~a 

CM 

+ 




CM 
+ 




CD 

+ 


i 
i 
i 





i 
i 
i 





I 
1 
1 




CVI 

+ 

2 




CD 

CM 
+ 




CM 
+ 




+ 
2 

4* 




CD 
"O 
CN 

I 




CD 
+ 




2 




CD 

+ 




CM 




TD 










cc 




SLOT NUMBER 


ISSION POWER 
L INFORMATION 


.NSMISSION POWE 
IRMATION (dB) 


IISSION POWER 
IL AMOUNT 



CD 



CO 
TD 



CD 
TD 
CM 



2 o 
CO CC 



2 



<t O 
CC Lu 



I— o 
X cc 

^2 
£ O 



co ac 
2 o 

I— CJ 



o 

CL 

2 
O 

CO 
CO 

CO 
2 
< 



19 



EP 0 884 861 A2 



O 
Li. 



o i 

i i 

to 

UJ 
2 
O 









+ 2 

2 <r> 




m 
+ 






i 
i 
i 


l 
i 

i 




CD 
TD 

+ 




CD 
+ 


2 CM 


CO 
TD 

On) 

1 






1 
1 


1 


CD 

o 

-h 




CD 
■o 

1 


+ 

2 


00 
TD 

CNJ 
+ 


i 
i 
1 





1 
1 


+ 

2 




CD 

TD 
OJ 
+ 


+ 
2 




CD 
"D 
CNI 

1 


2 




CD 

TD 
+ 









UJ 
CD 

2: 

2 



256 
§| 

CL 2 

cc 

2 p 

LO — 

lO CC 

a. o 
) — o 




CQ 




CO 
TD 



CD 





CQ 


T3 
OJ 




"O 






OJ 

1 








CD 




CD 




TD 












4- 













2 
O 

I/) < 

p 

O ~ 
UJq 

^ cc to 

~z *— *— 

<zq 
o 

UJ > cc 

>OLU 

< a cl 



cc 

UJ 

O t— 
QL 2 

2 O 
O 2 
!/>< 
£ _j 
^ O 

to cc 

2 ^~ 

cc o 
I — o 



cc 

UJ 

o 
a. 



CO 

to 



< 
or 



20 



EP 0 884 861 A2 



FIG. 11 

(PRIOR ART) 



10 



11 



ORTHOGONAL 
DEMODULATOR 



7 



12 

A. 



30 

J 



31-1 



7 

A/D 

CONVERTER 



40 



_L 



41 



1 



RAKE DEMODULATOR 



DEMODULATION 
CIRCUIT 



31-2 



V 



DEMODULATION 
CIRCUIT 



31-3 ^ t. 



DEMODULATION 
CIRCUIT 



RECEPTION 
SIGNAL 



32 



RAKE 

SYNTHESIZING 
CIRCUIT 



SYNCHRONIZATION 
ACOUIZITION TRACKING 

42 r 

J 



44-1 



14 

_L 



DECODER 



SYNCHRONIZATION 
PHASE 



CORRELATOR 



-SPREADING 
CODE 



SPREADING 
CODE 

GENERATOR 



1 7 




PHASE SHIFT 
CONTROLLER 



T 



PHASE SHIFT INFORMATION 



21 



